Social media data have been extensively used in numerous fields of science, but examples of their use in conservation science are still very limited. In this paper, we propose a framework on how social media data could be useful for conservation science and practice. We present the commonly used social media platforms and discuss how their content could provide new data and information for conservation science. Based on this, we discuss how future work in conservation science and practice would benefit from social media data.
Introduction
Rates of species extinctions and habitat loss are unprecedented and on-going (Butchart et al., 2010) . International policy have set global targets to reverse the biodiversity "crisis" (Convention on Biological Diversity, 2010). One important limitation in reaching global conservation goals is that the data available to inform conservation decision-making is limited and both regionally and taxonomically biased (Schulman et al., 2007; Brooks, 2014; Di Minin and Toivonen, 2015) . Another important issue is that global to regional information on threats affecting biodiversity persistence is generally missing. Collecting more data is expensive and resources are woefully inadequate.
Crowd-sourcing data collection to nature enthusiasts is considered as one of the ways to effectively collect data when resources are limited. Citizen science and crowd-sourcing of biological data collection have long been used in many countries, but have recently been facilitated by the availability of smart phones equipped with Global Positioning System (GPS), high resolution cameras, and continuous internet connection. As a result, citizen-science is being increasingly used to actively engage non-professionals in real scientific research (Goodchild, 2007; Cohn, 2008) . This involvement has taken many forms, ranging from collecting data on species distribution and abundance to crowd-sourcing the data interpretation online (Dickinson et al., 2012; Swanson et al., 2015) . Eventually, data collected by citizen-scientists can be used by researchers for a number of purposes in conservation science (Devictor et al., 2010; Tulloch et al., 2013 ). An important limitation, however, is that citizen science requires systematic organization, marketing, commitment and skills, and is thus mostly focused in the developed world (Kennett et al., 2015) .
In addition to deliberately planned citizen science campaigns, an increasingly interesting source of data is user-generated content produced via various social media platforms. The use of social media has been increasing dramatically during the last few years. Furthermore, most social media platforms are providing an interface to extract knowledge from the billions of posts provided by millions of people globally. No wonder that social media data have been extensively used in numerous fields of science from identifying crime hotspots (Malleson and Andresen, 2014) , to measuring foreign policy dynamics (Zeitzoff et al., 2015) , or monitoring public health (Denecke et al., 2013) . However, the use of social media data in conservation science has so far been limited to only a few examples, including ecosystem services mapping (Casalegno et al., 2013; Richards and Friess, 2015) ; conservation marketing and education (Wood et al., 2013; Roberge, 2014) ; species (Stafford et al., 2010; Barve, 2014) , ecosystem (Daume et al., 2014) and management (Barry, 2014) monitoring; and conservation communication (Papworth et al., 2015) .
Social Media Platforms and Data
A number of social media platforms where users can create and share media data and annotate to them are available (http://www.thesocialmediahat.com/active-users).
Typically such user-generated content includes text, tags, pictures, or videos. In addition to the content itself, social media data provides a wide array of information about the users and the social/communication networks between them. These networks can be formed explicitly from the links between items or users (such as hashtags or followers) or implicitly by using quality ratings (e.g., likes on Facebook or re-tweets on Twitter). Different platforms are used to share content in different ways. Instagram and Twitter, for example, are widely used for real-time posting of individual pictures and text. Besides, Instagram is mainly used to share self-generated content, while Twitter is also being used to pass on content and links provided by others. In addition to real-time posting, Facebook is often used to share individual pictures, or photo albums (e.g., from a trip) but not (necessarily) in real time. Panoramio is an interesting platform particularly for sharing landscape pictures. For analyses purposes, the public content of most social media platforms can be accessed via ready-made analysis interfaces (e.g., http://onemilliontweetmap. com/), openly available tools for extracting data from application programming interfaces (e.g., Tweepy for Python or TwitteR package for R), or from data resellers such as Gnip (https:// gnip.com/). Interfaces provide data with varying restrictions and terms of use. Restricting the content that will be downloaded is typically controlled by specifying search parameters, such as the geographic radius or key words (e.g., "elephant" or "landscape").
While used for various different purposes, social media platforms also provide a venue for sharing biodiversity related content and posts on nature experiences. Conservation science is increasingly extracting knowledge from platforms such as Facebook, Twitter, Panoramio, and Flickr (Stafford et al., 2010; Casalegno et al., 2013; Wood et al., 2013; Barry, 2014; Barve, 2014; Daume et al., 2014; Roberge, 2014; Papworth et al., 2015; Richards and Friess, 2015) . In order to get a broader understanding on the use and popularity of the different social media platforms for nature experiences, we carried out a survey where respondents were asked which social media platforms were more relevant for them (Table 1 ; see Appendix S1 in Supplementary Materials for the relevant questions). The survey was disseminated online via university mailing lists in Finland and Germany and a wide social media campaign, so the respondents were self-selected. The survey consisted of multiple choice questions where the respondents had to select which social media platforms they used for posting content (texts, pictures, and videos) related to nature-based experiences. Respondents were also asked to select which social media platforms they used to post content related to any type of experience. Finally, respondents were asked with whom they shared content on social media platforms and whether they geotagged the content of their posts. The sample size (n = 590) was considered appropriate for a 5% margin of error considered to be acceptable in survey research (Bartlett et al., 2001) . The respondents from different backgrounds and from all continents clearly rated Facebook as the most popular social media platform for their nature related posts, followed by Instagram, Twitter, and YouTube (Table 1) . However, the popularity of the other platforms varied according to the content type (text, picture, or video) of the posts (Table 1) . Among the respondents, 61% used public profiles to post some content and 40% geotagged their posts.
Key Questions
In social media, each post contains information about when (day, hour, minute) the content was created or shared on social media. When geotagged, the pictures and texts have specific coordinates of latitude and longitude, or place name, showing the location where they were taken or posted from. Therefore, social media content have the potential to represent mobile populations at, in fact, higher spatial and temporal resolutions than many other available data (Longley et al., 2015) . Social media posts also include a wealth of information about what users find meaningful to post about (e.g., species they have spotted or landscapes they like). Content of the posts may also reveal different activities of the users that can be used to understand e.g., why users were visiting specific locations. Finally, the profiles and contents of social media users can be used to extract background information about who the users are, e.g., their country of origin, the language spoken, and gender. Overall, as framed in Figure 1 , the knowledge extraction from social media content may be used to answer questions like "where?" and "when?" (spatial, temporal, and spatio-temporal analyses), but also reveal more about "what" and "why" the users posted about (content analyses) and, indirectly, "who" the users are. Additional information can be obtained about who else is interested in the experiences and posts of the users (social network analyses).
Use in Conservation Science
In this section, we explore how answering the questions posed in Figure 1 could help inform systematic conservation planning, as well as management and conservation marketing.
Where are Biodiversity and People?
Conservation science usually benefits from spatially explicit information. For example, social media data can be incorporated at different stages in systematic conservation planning (Margules and Pressey, 2000; Knight et al., 2006 ). An important stage deals with compiling data on the biodiversity of the planning region. Geo-tagged posts on the occurrence of selected biodiversity features for which spatial information is missing, for example, could be used directly in conservation planning assessments or to model species distributions (Elith et al., 2006) . Social media data could also be used to identify the imminence of threat to 
When was the Content Shared?
It has been suggested that social media content can be used to analyze temporal trends on visitation patterns of tourists in places of interest, such as national parks (Wood et al., 2013) . On the other hand, spatio-temporal analyses could be used to understand changes in the content of the posts over both space and time (Ardon et al., 2013) . Combined with content analysis, social media could be used to understand e.g., species population trends, invasive species spread and how landscapes have changed over time in relation to ecological processes or disturbance.
What do Users Find Interesting?
Image and text content analyses can be used to analyze the content of social media posts. In many cases, proper classification and interpretation of the social media content requires a human analyst (Poorthuis et al., in press ). Going through social media contents manually is, however, a laborious task. Luckily the tools for automatic data classification that may help in simple content analyses are developing quickly (e.g., Deng et al., 2009; Laurance et al., 2009; Angus et al., 2010; Ozel and Park, 2012; Lin et al., 2014; Zhou et al., 2014; Karpathy and Fei-Fei, 2015; Russakovsky et al., 2015; Schwartz and Ungar, 2015) . Practical applications utilizing such automatic classification approach are also emerging by using e.g., image recognition, such as the smartphone app CamFind (http://camfindapp.com/). In addition to providing potentially interesting information on e.g., species/landscape observations, social media data can be used to assess the attention received by species or ecosystems in social media platforms. This could provide important information to different stakeholders, ranging from international non-governmental organizations needing to raise funding for conservation to park managers needing to promote ecotourism in their parks. As opposed to other data collected using e.g., stated preference techniques, social media data could provide a direct behavioral basis for measuring actual public engagement in biodiversity conservation. Again, temporal analyses of social media data could be used to understand changes in preference for biodiversity features over time.
Why are Users there When Posting this Content?
Social media content may reveal the activities of people very effectively, particularly on platforms like Instagram where people usually post pictures in real-time. While mobile phone data may provide accurate and representative information on where people are and when they are there, social media may reveal the motivations behind the posts. Our preliminary tests with 30,000 Instagram pictures from Kruger National Park in South Africa show clearly that activities from game driving to walking safaris are well documented in social media, and can to some extent be classified with visual interpretation. Social media posts may also reveal illegal activities and be useful in fighting illegal wildlife trade (e.g., illegal killing of rhinoceros for their horn Di .
Who are the Users?
Social media posts and user profile descriptions quite often include text content that carries a wealth of information about the users, and may even reveal their background, nationality or preferences. From common selfies one can already try estimate people's gender and age (https://how-old. net). Clustering analyses or other techniques adopted from econometrics (see e.g., Di Minin et al., 2013) can then be used to identify different type of users. Social media data could also be used to identify important stakeholders to engage in the implementation strategy in systematic conservation planning (Knight et al., 2006) . At the same time, social media data can be used to unveil opportunities for protection in areas where e.g., private landowners and communities are supportive of conservation measures or against unsustainable development.
Attention Needed
While we believe that social media data can contribute to conservation science, a number of challenges, including geographic and content biases, self-selecting users, and ethical concerns (Elwood and Leszczynski, 2011; Crampton et al., 2013; Goodchild, 2013; Longley et al., 2015) , need to be addressed when using social media data in future research or to inform management decisions. While the amount of user generated content is really high, much of this is produced by a small number of highly active users (Li et al., 2013) and only a small proportion of all of the data is open. In addition, the location information for many posts may be locally incorrect or completely missing. Yet, further exploring who the social media users are (see e.g., Longley et al., 2015) , filtering out spatially irrelevant or biased observations (e.g., clusters near accommodation with WiFi inside parks), as well as sampling/normalizing data based on user profiling or geographical distribution of observations, may help address some of these issues. Additionally, research questions asked and, particularly, the interpretations made should be considered carefully based on data limitations and biases caused by the fact that not everyone uses social media and not everything seen or experienced is being reported. Finally, there are many ethical issues, such as privacy, free speech, data leakage, and revealing users' identities (e.g., in relation to illegal activities) (Light and McGrath, 2010) , which should be considered carefully prior to using social media data in conservation science. Analyses of social media data could avoid some other shortcomings of more traditional methods, such as questionnaires, by avoiding potential self-reporting errors and non-response bias. Therefore, social media data could be particularly useful to cross-validate data collected from more traditional surveys or the opposite. Finally, social media data are currently biased geographically, especially to the developed world. However, improved mobile phone coverage will increase the potential of social media as a means to collect information for conservation science purposes also in the developing world. In areas where resources for field work and data collection are scarce, social media may potentially help save costs and allow directing professional data collection to less known or more poorly accessible areas.
Conclusions
Social media data can potentially play an important role in conservation science. In addition to crowd-sourced citizen science data, which have been extensively used to monitor biodiversity, we suggest that social media data could be used to learn more about the spatio-temporal patterns, values, and activities related to biodiversity conservation of different groups of people. Such information is essential in order to identify both threats to biodiversity and opportunities for conservation. While social media users are currently not intentionally involved in data collection, more awareness could be raised in social media platforms (for instance by campaigning) to increase their monitoring role when visiting natural areas. As a result, more people could potentially get involved with data collection and become more aware about biodiversity conservation. At the same time, social media platforms could be more directly targeted for directed citizen science campaigns. Finally, social media data are far from a panacea for all data challenges in conservation science, but, combined with other sources of data, can provide innovative ways to address the information needs of future conservation challenges.
